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The grains are treated with a dispersing agent which operates in conjunction with the thermal agitation of the particles to counteract the tendency of the particles to agglomerate and eventually precipitate from solution as a result of the mutual magnetic forces. Consequently, colloidal suspensions of this composition are ultra-stable and behave, for all practical purposes, as non-conducting, magnetizable fluids. Most fluids prepared in this fashion are reported to exhibit no magnetic hysteresis [2] so, although ferro-magnetic fluids have been synthesized [3] , we will limit our discussion to para-magnetic fluids.
Because of the marked magnetic properties of these fluids it is possible to influence their behaviour by applying a magnetic field. The application of the magnetic field induces magnetization which interacts with an inhomogeneous magnetic field to produce a body force and, in the event the magnetization and the magnetic field are not co-linear, a body couple. Additionally, static experiments [4] , [5] indicate that the pressure distribution in the resting fluid is modified due to the interaction of the magnetization with the magnetic field ; while dynamic experiments [6] , [7] show that the general state [12] .
Jenkins [6] Equation (4.13) indicates that in para magnetic fluids described by this model the differences t Il -t33 and t22 -t33 are zero. Thus, experiments to determine the existence of normal stress effects [13] will test the validity of the constitutive theory (3.1), (3.4), (3 . 5) and (3 . 7) .
For H° = 0 equation (4.6) shows that m' 0 and an initial magnetization field will always vanish. In this case, the off diagonal components of the steady stress are given by McTague [6] has experimentally investigated the flow of a paramagnetic fluid through a thin tube for orientations of the external magnetic field parallel to and perpendicular to the axis of the tube. Here we analyse his experiment, in terms of our model, for the longitudinal orientation of the field.
In this case, we assume that the flow through a cylindrical tube of radius R is steady and parallel. 
